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Abstract

Three of the most fundamental changes in US corporations since the early 1970s have
been (1) the increased importance of organizational capital in production, (2) the increase in
managerial income inequality and pay-performance sensitivity, and (3) the secular decrease in
labor market reallocation. Our paper develops a simple explanation for these changes: a shift
in the composition of productivity growth away from vintage-specific to general growth. This
shift has stimulated the accumulation of organizational capital in existing firms and reduced
the need for reallocating workers to new firms. We characterize the optimal managerial com-
pensation contract when firms accumulate organizational capital but risk-averse managers
cannot commit to staying with the firm. A calibrated version of the model reproduces the
increase in managerial compensation inequality and the increased sensitivity of pay to perfor-
mance in the data over the last three decades. This increased sensitivity of compensation to
performance provides large, successful firms with the glue to retain their managers and the

organizational capital embedded in them.
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1 Introduction

Three of the most fundamental changes in US corporations since the early 1970s have been (1)
the apparent increase in the importance of organizational capital in production, (2) the increase
in managerial income inequality and pay-performance sensitivity and (3) the secular decrease in
labor market reallocation. Our paper provides an explanation for these changes.

This evidence is consistent with a shift in the composition of productivity growth away from
vintage-specific growth, which only affects new firms, to more general productivity growth, which
makes all firms more productive. In our model, the vintage-specific growth rate is the depreciation
rate of organizational capital in existing firms. The shift allows successful firms to grow larger
because their organizational capital effectively depreciates at a slower rate. This results in fewer
firm exits and less labor reallocation from old to new firms. The growth composition shift allows
our model to match the secular decline in the job reallocation rate in the US economy since the
early 1970s, as documented by Davis, Haltiwanger, Jarmin and Miranda (2006) and Faberman
(2006)H We attribute the change in the composition of productivity growth, the key driving force
in the model, to the diffusion of information technology. However, our model applies to any other
explanation for this shift, such as a change in the composition of the work force.

The change in productivity growth composition and the widespread accumulation of organiza-
tional capital that resulted creates a new problem for successful firms: how to distribute the rents
from organizational capital? The firms’ managers have de facto ownership rights on organizational
capital, which makes it different from physical capital. These ownership rights arise from their
ability to leave the firm, and to take some of its organizational capital to a new firm. Our paper
studies the distribution of organizational rents between the owners and the managers in such an
environment.

In the data, the dispersion of managerial compensation across firms is much wider now than
35 years ago. In large, successful firms, which accumulate a lot of organizational capital, man-
agerial compensation has increased substantially, while it has not in small firms. We propose an
equilibrium theory that ties the accumulation of organizational capital, induced by the shift in
the composition of productivity growth, to managerial compensation. A calibrated version of the
model can quantitatively account for a large share of these changes in the US economy.

The key element of the model is the optimal managerial compensation contract. This contract
insures the risk averse manager against shocks to the firm’s productivity. Insurance is provided
because the manager can only work for one firm while the owner invests in a diversified portfolio of

firms. But there is only partial insurance because the manager can quit and transfer some of the

!The declining volatility of firm growth rates, documented by Davis et al. (2006) for the entire universe of
privately-held and publicly-traded firms, is consistent with this decline. Our model also implies that the fraction
of output produced in older establishments increased, also consistent with the findings of Davis et al. (2006). The
model of Jovanovic and Rousseau (2007) also relies on the decline in labor reallocation.



organizational capital to a new firm. The degree of portability of organizational capital governs
the value of the manager’s outside option and determines how much risk sharing can be sustained
between the manager and the owner. Dunne, Foster, Haltiwanger and Troske (2004) document
a sizeable increase in within-industry between-establishment wage dispersion, while Frydman and
Saks (2006)’s data show that the increase in dispersion is even higher for executives. A calibrated
version of our model can match most of the increase in compensation inequality if we assume that
half of the organizational capital is portable. The same calibration matches about half of the
observed increase in Tobin’s q. Lowering the portability increases Tobin’s q by more, but reduces
the impact on compensation inequality. In the extreme case where organizational capital is not
portable, the change in the composition of productivity growth has no impact on compensation

inequality:.

Why does the growth composition shift increase the dispersion of managerial compensation?
As long as firms are small, the manager’s outside option constraint does not bind, and the optimal
contract prescribes constant managerial compensation (relative to aggregate output). However,
when a firm’s size exceeds a threshold, optimal management compensation is increasing in the
firm’s organizational capital. The increased accumulation of organizational capital, resulting from
the growth composition change, improves the manager’s outside option in successful firms. To
retain the manager, the owner of the firm increases compensation in response to high productiv-
ity. At the aggregate level, the change in the firm size distribution that results from the growth
composition shift triggers an endogenous shift from low-powered to high-powered incentive com-
pensation contracts. Such a shift seems consistent with the increased pay-performance sensitivity
of employment contracts since the 1970s. If the manager is more impatient then the owner, this
shift is further amplified.

If all the organizational capital is portable and there are no sunk costs, our contract operates
like a ‘spot market contract’. The manager is paid his outside option in each period and in all
states of the world. The shareholders do not capture any of the surplus. This version of the model

cannot replicate the increase in pay-performance sensitivity nor the increase in Tobin’s q.

In some states in which the match is terminated, our compensation contract leaves room for
renegotiation. Both shareholders and managers could agree ex-post to avoid a break-up by lowering
managerial compensation, provided that the organizational rents that accrue to shareholders are
positive when the manager is promised his outside option instead. The compensation predictions
of a renegotiation-proof version of the optimal contract would be similar, but separations would be
rarer in equilibrium. For tractability, we abstract from renegotiation and explore the implications
of the contract in which the match is discontinued in those states. In addition, its implications
line up better with a large body empirical evidence on downward wage rigidity (e.g., Beaudry and

DiNardo (1991)). First, firms seem to strongly prefer lay-offs to salary cuts (e.g., Bewley (1999)).
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Second, the prevalence of repricing of executive stock options and the granting of large amounts
of new options in response to share price declines (Chen 2004) is consistent with our model.

In our model, the firm shuts down when its managerial team leaves. Hence, the rate of firm
entry and exit equals the rate of managerial turnover. Since the model matches the declining firm
exit rate in the data, the model also predicts a declining managerial turnover rate. However, in
the data, at least in the last ten years, there seems to be an increase in turnover of CEQO’s. Data
on managerial turnover broadly defined is hard to come by. The link between CEO turnover and
performance has decreased over time, according to Murphy (1998), who argues that turnover in
large firms is driven mostly by executive age and not by performance. A number of explanations for
the apparent increase in CEO turnover have been put forward: increased diligence of the board of
directors (Hermalin 2005) or an increase in business education which promoted managerial mobility
across firms (Frydman and Saks (2006) and Murphy and Zabojnik (2004)). Our model abstracts
from these issues and focuses only on that part of managerial turnover that is driven by firm exit
and entry onlyH

Our model has several additional, “out-of-sample” implications which are borne out in the data.
First, it matches the sensitivity of log compensation to log firm size in the US (Edmans, Gabaix
and Landier 2007). Second, it matches the cross-sectional correlation between valuation and wage
dispersion in the data. We identify high vintage-specific growth industries as those with low
managerial wage dispersion. As predicted by the model, we find that these industries accumulate
less organizational capital, using Tobin’s q as our measure. The effects are large. We find that a
one standard deviation increase in wage dispersion increases Tobin’s q by 6 basis points using a
broad measure of wage dispersion and by 14 basis points for executive compensation dispersion.
These effects of executive wage compensation are stronger in industries with more intangibles.
(Wheeler 2005) shows that within-industry wage inequality is much higher in industries with higher

frequency of computer usage, which are industries with lower vintage-specific growth in our model.

Related Literature Our model combines the technology side of the vintage capital model of
Atkeson and Kehoe (2005, 2007) with an optimal compensation contract for managers. The liter-
ature on optimal compensation contracts builds on Harris and Holmstrom (1982)’s seminal paper
on optimal long-term wage contracts with learning about the manager’s productivity. As in Harris
and Holmstrom (1982), our optimal compensation dynamics display downward rigidity, relative
to the benchmark compensation, determined by the productivity of the average establishment in
the industry. This rigidity is generated by the inability of managers to commit to staying in the
firm, as in Krueger and Uhlig (2005). There is scope for insurance when at least some of the

organizational capital is specific to the match between the owner and the manager. Neal (1995)

2An extension of the model could allow for a partial separation of firm exits and managerial turnover by intro-
ducing additional manager-specific productivity shocks. We do not pursue such an extension here.



provides empirical evidence on the importance of match-specific capitalH Most of the work on
optimal compensation contracts examines the optimal capital structure of the firm in the presence
of moral hazard in partial equilibrium. Instead, our paper examines the optimal management com-
pensation contract in the presence of portable capital in a general equilibrium model. We focus
on how the compensation contract can provide the right retention incentives, while the literature
focuses mostly on incentives to exert effort or make the right investment decisions. However, Oyer
(2004) and Himmelberg and Hubbard (2000) do focus on retention. Oyer (2004) points out that
firms may implement stock option plans or other pay instruments that reward ‘luck’ because of
binding participation constraints in a model where employees outside opportunities are correlated
with their firms performance. Our paper provides a fully specified dynamic equilibrium model in
which the endogenous outside option depends on the industry’s performance. Himmelberg and

Hubbard (2000) provide some of the earliest empirical evidence that is consistent with this view.

We use these contracts to connect changes in the distribution of firm size to changes in the
distribution of managerial compensation. In closely related work, Gabaix and Landier (2008) ex-
plain the increased dispersion of CEO compensation in a matching model with an exogenously
changing size distribution. Our paper endogenizes both the evolution of the size and the man-
agerial compensation distribution and explicitly models the compensation contract. The optimal
compensation contract that we derive entails benchmarking. As long as the CEO’s outside op-
tion constraint does not bind, his compensation is kept fixed relative to that of the average firm’s
CEO compensation. This is a feature of the data (Bizjak, Lemmon and Naveen forthcoming). In
addition, we derive a theoretical link between the size and book-to-market ratio of a firm and its
labor compensation ContractsH In recent work, Eisfeldt and Papanikolaou (2008) study the risk
characteristics of organizational capital, while Panageas and Yu (2006) and Garleanu, Panageas

and Kogan (2008) study the asset pricing implications of technological change.

A large literature documents the increase of wage inequality in the US in the last three decades
and its relation to technological change (Violante (2002), Guvenen and Kuruscu (2007), Autor,
Katz and Kearny (2007), and Acemoglu (2002) for a survey). Our paper contributes to this liter-
ature by generating an endogenous switch to high-powered incentives contracts and by connecting
the changing distribution of payouts to workers to the payouts to the owners of the capital stock,
and ultimately to firm value. With the exception of Merz and Yahsiv (2003), Papanikolaou (2007),
Bazdrech, Belo and Lin (2008), and Parlour and Walden (2008), the link between labor compen-

3Related applications of optimal compensation contracts in finance are Berk, Stanton and Zechner (2005),
Clementi, Cooley and Wang (2006), DeMarzo and Fishman (2007), Clementi and Hopenhayn (2002), and Al-
buquerque and Hopenhayn (2004), Falato and Kadyrzhanova (2008), DeMarzo and Sannikov (2006), Biais, Mariotti
and Rochet (2007), Opp (2007), He (2007), DeMarzo, Fishman, He and Wang (2007), and Atkeson and Cole (2008)

4A related literature studies the relationship of firm characteristics such as leverage and riskiness of cash-flows
to firm valuation in dynamic settings; see Livdan, Sapriza and Zhang (2009), Gomes and Livdan (2004), Gomes
and Schmid (2007), Hennessy and Whited (2007), Strebulaev (2007), Gourio (2007), and Chen (2008).
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sation and firm value is usually ignored in the literature. Parlour and Walden (2008) characterize
optimal compensation contracts in the presence of moral hazard and derive predictions relating

workers compensation, firm productivity, firm size, and firm value.

One prominent example of the technological change we have in mind is the information tech-
nology revolution after 1973. As its efficiency improved and its price dropped, the use of I'T spread,
and its adoption affected all sectors of the economy. By now, there is overwhelming evidence that
computers have fundamentally altered firms’ business processes, relationships with customers and
suppliers, and internal organization. See Brynjolfsson and Hitt (1997, 2000), Bresnahan, Brynjolf-
sson and Hitt (2002), and an entire volume of contributions on organizational capital in the new
economy by Corrado, Haltiwanger and Sichel, eds (2005). This literature convincingly argues that
the gradual adoption of IT, a General Purpose Technology (Bresnahan and Trachtenberg 1996),
has increased the productivity of successful establishments of all vintages, not only the new ones.
There is indirect evidence that organizational capital is more important in production than three
decades ago from the stock market’s valuation of US corporations; see e.g. Hall (2001). More-
over, organizational capital and I'T are complementary inputs, and investment in I'T has increased
substantially since the 1970s (Bresnahan et al. (2002)). Finally, there is direct evidence on the
link between I'T and organizational capital and the increased importance of organizational capital.
Using micro data, Bloom, Sadun and Van Reenen (2008) explain the productivity miracle in the
US and its absence in Europe by means of a US advantage in I'T that is “primarily due to its people

management practices on promotions, rewards, hiring and firing”.

Our paper is organized as follows. Section [2] defines the technology side of the model and the
compensation contract between manager and owner, and defines an equilibrium with a continuum
of managers and firms along a steady-state growth path. Section [3] highlights the properties of the
optimal compensation contract along a steady-state growth path. Its dynamics are fully captured
by the current and the highest-ever productivity level of the firm. Managerial compensation in-
creases whenever a new maximum productivity level is reached. These two state variables have
a natural interpretation as the size and market-to-book ratio of the firm. Our model ties these
two characteristics to the value of the firm and the compensation of its management. Section [
describes the calibration of the model. We introduce a gradual increase in general productivity
growth and an offsetting reduction in vintage-specific productivity growth so that the total growth
rate is constant. The magnitude of this compositional shift is calibrated to match the observed
decline in labor reallocation. A second key parameter is the portability of organizational capital. It
is calibrated to match the increase in income inequality. Interestingly, the model’s cross-sectional
distribution of managerial pay shares many features with the observed distribution: it is skewed,
fat-tailed, and has the correct relation with firm size. The model also delivers an increase in

pay-performance sensitivity similar to the one in the data. Finally, Section [B provides additional



cross-sectional evidence for the effect of managerial compensation inequality on firm valuation.

2 Model

We set up a model with a fixed population (mass 1) of managers. Each manager is matched to an
owner to form an establishment] The formation of a new establishment incurs a one-time fixed
cost S;. Establishments accumulate knowledge as long as the match lasts. We refer to this stock
of knowledge as organizational capital A;. This organizational capital affects the technology of
production; it is a third factor of production besides physical capital and unskilled labor, earning

organizational rents.

We assume that a part of the establishment’s organizational capital is embodied in the manager.
It is neither fully match-specific, as in Atkeson and Kehoe (2005), nor fully manager-specific. The
main innovation of our work is to find the optimal division of organizational rents between the
owner and the manager, as governed by an optimal long-term risk-sharing contract in the spirit
of Harris and Holmstrom (1982). We solve for the optimal contract recursively (e.g., Thomas
and Worall (1988) and Kocherlakota (1996)), but we use a different state variable from the one
commonly used in the literature. The optimal contract maximizes the present discounted value of
the organizational rents flowing to the owner subject to the manager’s promise keeping constraint
and a sequence of participation constraints that reflect the manager’s inability to commit to the
current match. We deviate from Krueger and Uhlig (2005) by assuming that the owner has limited
liability. Separation occurs whenever there is no joint surplus left in the match. Upon separation,
a fraction 0 < ¢ < 1 of the organizational capital can be transferred to the manager’s next match,
while the remainder of the organizational capital in the old establishment is destroyed. This can
be interpreted as the management team being dissolved. Hence, in our model, firm entry and exit
is identical to managerial turnover. We will calibrate the model to match entry/exit rates in the
data.

If the manager could commit to staying in the match or if none of the organizational capital was
destroyed when the manager left the firm, then the changing composition of productivity growth

would have no effect on the distribution of compensation.

We start by setting up the model and defining a steady-state growth path. In Section 4l we

trace out the transition between two steady-state growth paths.

We use the words establishment and firm interchangeably. The manager can be interpreted as the entire
management team.



2.1 Technology

On the technology side, our model follows Atkeson and Kehoe (2005). Each establishment belongs
to a vintage s. An establishment of vintage s at time ¢ was born at t —s. An establishment operates
a vintage-specific technology that uses unskilled labor (I;), physical capital (k;), and organizational

capital (A4;) as its inputs. Output generated with this technology is v;:
Y = Zt (At)l_V F(k?m lt)y-

Following Lucas (1987), v is the ‘span of control’ parameter of the manager. It governs the

decreasing returns to scale at the establishment level.

There is no aggregate uncertainty in our model. There are two sources of productivity growth,
which we label general and vintage-specific growth. The general productivity level z; grows at a

deterministic and constant rate g,:

Zt = (1 + gz)zt—l-

General productivity growth affects establishments of all vintages alike. General productivity
growth is often referred to as disembodied technical change. In addition, it is skill-neutral because

it affects all three production inputs symmetrically.

Following Hopenhayn and Rogerson (1993), the match-specific level of organizational capital,
Ay, follows an exogenous process. It is hit by random match-specific shocks €, which are log-
normally distributed N(0,0?):

log Ayy1 =log Ay + log ey 1. (2.1)

We do not explicitly model the learning process that underlies the accumulation process of orga-
nizational capital. However, the € shocks can be interpreted as productivity gains derived from
active or passive learning, from matching, or from adoption of new technologies in existing firms,
as Atkeson and Kehoe (2005) point outﬁ

A new establishment can always start with a blue print or frontier technology level 6;: A; > 6.

The productivity level of the blue print grows at a deterministic and constant rate g:
0 = (1 + go)0s-1.

This wvintage-specific growth is often referred to as embodied technical change.

6 Additionally, they can be interpreted as reduced-form for heterogeneity across managers, or for the outcomes
from good or bad decisions made by the manager. Bertrand and Schoar (2003), Bennedsen, Perez-Gonzalez and
Wolfenzon (2007), and Bloom and Van Reenen (2006) show that heterogeneity across managers leads to heterogeneity
in firm outcomes. Jovanovic and Nyarko (1982) explicitly model learning-by-doing and McGrattan and Prescott
(2007) and Carlin, Chowdhry and Garmaise (2008) explicitly model the accumulation of intangible capital.
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2.2 Contract Between Owner and Manager

Owner There is a stand-in owner who is perfectly diversiﬁedﬂ He maximizes the expected

present discounted value of aggregate payouts from all establishments D, using a discount rate r;:
By e oDy =V, + K, (2.2)
=0

This object is the value of the aggregate capital stock V; + K;, which consists of the physical capital
K, and the owner’s residual claim to the aggregate rents from organizational capital, denoted V.
The owner’s value of organizational capital is the expected present discounted value of the aggregate

stream of cash flows {II;} that not already claimed by the other factors:
Ht = Y;g - WtLt - Rth - Ct - Sg, (23)

where W, L; is the aggregate compensation of unskilled labor, R;K; that of physical capital, C; the
aggregate compensation of all the managers of the establishments, and S = N,S; the total sunk
costs incurred for starting N; new establishments. Since we assume that the owner also owns the
physical capital stock K, aggregate payouts to the owner D, are the sum of organizational rents

and the factor payments to physical capital less physical investment:
Dt - Ht + Rth - ]t, Vt

Since the sunk cost is lost, value-added is defined as Y; — S7.

An individual establishment’s organizational rents (before sunk costs and physical capital in-

come) accruing to its owners are defined with lower-case letters:

T =y — Wily — Riky — c.

Manager The owner offers the manager a complete contingent contract {c;(h'), 5;(h')} at the
start of the match, where ¢;(h') is the compensation of the manager as a function of the history of
shocks ht = (g4,&4-1,...) and F;(h') is a governs whether the match is dissolved or not in history
ht. This contract cannot be renegotiated. The manager can always accept a job at another

establishment, while the owner has limited liability.

The optimal contract maximizes the total expected payoff of the owner subject to delivering

"Equivalently, there is a continuum of atomless and identical owners.



initial utility vy to the manager:

= B

ze—p (1) ]

The manager is risk averse with CRRA parameter v and his time discount rate is denoted p,,. In
general, the history-dependence of the manager’s compensation makes this a complicated problem.
However, as is common in the literature on dynamic contracts, we use the manager’s promised
utility as a state variable to make the problem recursive. The contract delivers v; in total ex-
pected utility to the manager today by delivering current compensation ¢; and state-contingent

compensation promises vy (+) tomorrow. These promised utilities lie on a domain [v, 7].

We use V;(A;, 1) to denote the value of the owner’s equity in an establishment with current
organizational capital A;, and an outstanding promise to deliver v; to the manager. It is the value
of the owner’s claim to the rents from organizational capital. This does not include the value of
income from physical capital. Importantly, the owner has limited liability; the option to terminate

the contract when there is no joint surplus in the match. Limited liability implies the constraint:
‘/;(Ata Ut) Z 0

Finally, we use w;(A;) to denote the outside option of a manager currently employed in an
establishment with organizational capital A;. When a manager switches to a new match, a fraction
¢ of the organizational capital is transferred to the next match and a fraction 1 — ¢ is destroyed.
Free disposal applies: If the manager brings organizational capital worth less than the current
blue print 6;, then the new match starts off with the blue print technology for the new vintage.
Taken together, the organizational capital of a match of vintage ¢ is max{¢pA;,0;}. The value of

the outside option w is determined in equilibrium by a zero-profit condition for new firm entry.

Recursive Formulation For given outside option {w;} and discount rate {r;} processes, the

optimal contract in an establishment that has promised v; to its manager maximizes the owner’s

value V
Vi(As,v;) = max [Vt(At, v), o] : (2.4)
and
‘/t(AtaUt) = max() |:7Tt +/e‘”V(AtH,Ut+1)1“(£t+1)d6t+1} y (25)
Ct,Vt41"
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by choosing the state-contingent promised utility schedule v;,1(-) and the current compensation

¢, subject to the law of motion for organizational capital (2.I]), a promise keeping constraint

vy = U(Ct)+€_pm/ﬂt+1(?}t,5t+1)Ut+1(At+1)r(5t+1)d5t+1

e /wt+1(At+1)(1 — Brr1(ve, €041))L (€1 ) de i (2:6)

and a series of participation constraints

U1 (Aeg1) 2 Wi (Aegr)- (2.7)

The indicator variable [ is one if continuation is optimal and 0 elsewhere:

Biyr = 1if v (Air) <0 (Apa)

Bir1 = 0 elsewhere.

The minimum at zero in equation (2.4]) for the owner’s value reflects limited liability of the
owner: The match is terminated if the joint surplus of the match is negative. If the match is
dissolved, the manager receives w;;1(A;11) in promised utility. To obtain this recursive formulation,
we have used the fact that V;(A, ) is non-increasing in its second argument. For each A;, there
exists a cutoff value v*(A;) that satisfies XA/t(At,v*(At)) = 0. The match is dissolved when the
compensation promised to the manager exceeds the cutoff level: 3,1 = 0 if and only if v;41 (A1) >

v*(Ayy1). Put differently, only establishments with high enough productivity A, > A,(v;) survive.

2.3 Equilibrium

A competitive equilibrium is a price vector {W;, R;,r;}, an allocation vector {ks,l;, ¢, 3}, an
outside option process {w;}, and a sequence of distributions {¥, s, A s, N;} that satisfy optimality

and market clearing conditions spelled out below.

Physical Capital and Unskilled Labor Unskilled labor [ and physical capital £ can be real-
located freely across different establishments. Hence, the problem of how much [ and k to rent at
factor prices W and R, is entirely static. We use K; and L; to denote the aggregate quantities,
and we use A; to denote the average stock of organizational capital across all establishments and

vintages:

Zt == Z/ Aq)t7sdz4,
s=0 A

10



where @, ; denotes the measure over organizational capital at the start of period ¢ for vintage s.
Physical capital and unskilled labor are allocated in proportion to the establishment’s organiza-

tional capital level A;:
kt(At) — :Kt

lt(At) == :Lt.

This allocation satisfies the first order conditions and the market clearing conditions for capital and
labor. The fact that establishments with larger organizational capital A have more physical capital
and hire more unskilled labor suggests an interpretation of A as the size of the establishment. In the
model, employment in a firm varies with A;; labor reallocates every period. Firm exits, however,
only occur when A, falls below a critical threshold which is determined by the sunk cost of starting
a new firm.

The equilibrium wage rate W; for unskilled labor and rental rate for physical capital R; are

determined by the standard first order conditions:
—1l—v v— —1—v v—
Wt = VZtAt FL(Kt7 Lt) 1, Rt = I/ZtAt FK(Kta Lt) 1

The factor payments to unskilled labor and physical capital absorb a fraction (1 — v) of aggregate
output Y;, where Y; is given by:
—1-v 9
}/;g = ZtAt F(Kt, Lt) .

In the remainder, we assume a Cobb-Douglas production function F'(k,1) = k*[*~.

Organizational Rents A fraction v of aggregate output Y; goes to organizational capital. These

organizational rents are split between the owners II;, managers Cy, and sunk costs S = N;S;:
> // (A, 0) U, (A, v)d(A,v) — NSy = Y — WiLy — R K, — Cy — S& =11,
s=0 Y A

where the measure W, ;(A, v) is defined below. The second equality follows from (2.3]) and ensures

that the goods market clears.

Discount Rate The payoffs are priced off the inter-temporal marginal rate of substitution
(IMRS) of the representative owner. Just like the manager, the owner has constant relative risk
aversion preferences with parameter . His subjective time discount factor is p,. Let g; denote the

rate of change in log D;. Then, the equilibrium log discount rate or “cost of capital” r; is given by

11



the owner’s log IMRS:
e = pPo+ VGt (2.8)

Because there is no aggregate uncertainty and the owner holds a diversified portfolio of establish-
ments, the cost of capital evolves deterministically. Thus, our setting is equivalent to one with a

risk neutral owner who discounts future cash-flows, as in equation (2.2)).

Managerial Compensation Having solved for the value function {V,(-,-)} that satisfies the
Bellman equation above for given {w(-),r;}, we can construct the optimal contract for a new

match starting at ¢ {c;4; (A7), B1; (A7)} in sequential form.

Outside Option We assume the sunk cost S; grows at the same rate as output. Free entry
stipulates that the equilibrium value of a new establishment to the owner is equal to the sunk cost
Sy

Vi (maz(pAy, 0;),wi (Ay)) = Sy, (2.9)

The first argument indicates that a new establishment starts with organizational capital equal to
the maximum of the frontier level of technology #; and the organizational capital ¢A; that the
manager brought from the previous match. The total utility w;(A;) promised to the manager at
the start of a new match is such that the value of the new match is zero in expectation. Therefore,

equation (2.9) pins down the equilibrium outside option wi(A;).

Law of Motion for Distributions We use y to denote the implied probability density function
for A;11 given A;. k is an indicator function defined by the policy function for promised utilities:
k(A Av) = 1if v'(A; Ajv) = o', and equals 0 elsewhere. Using this indicator function, we can

define the transition function @ for (A,v):
Q ((A',0'), (A,v)) = x(AA)k(A"; A, v).

We use U, ; to denote the joint measure over organizational capital A and promised utilities v for

matches of vintage s. Its law of motion is implied by the transition function:

Vo (A0 = / ) / CQUAL YY), (A, 0)As(A, 0)d(A, ), (2.10)

where \; s(A,v) is the measure of surviving establishments in period ¢ of vintage s:

Aes(A,v) = /0 /U Bla,u)dV; s(a,u) > 0. (2.11)

12



In equilibrium, the mass of new establishments created in each period N; (entry) equals the mass

of matches destroyed in that same period (exit):

N, = 2_% /0 h / U(1 — Bro(A,0)) 0, (A, v)d(A,v) > 0.

2.4 Back-loading

The free entry condition implies that the expected net present discounted value of a start-up is

exactly zero:

/ / Z e o s (A 0) W (A v)d(Av) — S =0
0 v =0

Importantly, this does not imply that the organizational rents that flow to the owners are zero. As
long as discount rates r are strictly positive, the zero profit condition in (2.9]) implies that expected

net payouts are strictly positive:

/ / S s (A, 0) W5 (A, 0)d(A,0) — S, > 0,
0 v

—0

for two reasons. The first reason is a back-loading effect (see Atkeson and Kehoe (2005)). The
owners are compensated for waiting in the form of positive payouts. The more back-loaded the
payments are, the higher the expected payments. The expected payout profile of an establishment
is steeply increasing: the first payout is a large negative number (-5;), the establishment then grows
and starts to generate higher and higher profits (in expectation). Most of the organizational rents
are paid in the future. Second, there is a selection effect operative. Only the establishments that
have fast enough organizational capital growth (high enough € shocks) survive. When we compute
aggregate (or expected) payouts, we are only sampling from the survivors who satisfy A; > A,(v;).

As pointed out by Hopenhayn (2002), selection among establishments can explain why Tobin’s
(average) q is larger than one on average. The aggregate value of establishments is given by the
present discounted value of a claim to {D;}. It equals the sum of all equity values across all

establishment minus sunk costs plus the value of the physical capital stock K;:

ve=3y /0 / Vi(A, )0, (A, 0)d(A,0) — S¢ + K, > K,
s=0 v

Tobin’s q, ¢; = ‘[/(—i, is larger than one on average, in spite of the fact that new matches are valued

at zero (net of their physical capital). The reason is again selection: when we compute ¢, we only

sample survivors. For future reference, we also define aggregate managerial wealth in the economy
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It is the value of a claim to all the rents from organizational capital that flow to the managers.

2.5 Steady-State Growth Path

In a first step, we solve for a steady-state growth path in which all aggregate variables grow at a con-
stant rate. Aggregate establishment productivity {4} and the productivity of the newest vintage
{6} grow at a constant rate gy, the variables {r,, R;, N, } are constant, the general productivity-level

grows at a constant rate g,, and all other aggregate variables grow at a constant rate

9= ((1+4g.)(1+ go) ") . (2.12)

We normalize the population of unskilled labor L to one.

Definition 1. A steady-state growth path is defined as a path for which aggregate establishment
productivity {A;} and the productivity of the newest vintage {0,} grow at a constant rate gy, the
variables {ry, Ry, N;} are constant, the economy-wide productivity-level grows at a constant rate g.,

and all aggregate variables {Y:, Ky, Wy, Sy, Cy, Dy, V2 } grow at a constant rate

9= ((1+g.)(1+ go) ") o .

Along the steady-state growth path, the measure over establishment productivity and promised util-

ities satisfies:

A
v s Aa'U =V s yU |
t+1,5+1(A4,v) t, <1+ge )

the measure of active establishments satisfies:

A
)\t—l—l,s(Au U) = >\t,s ( U) 5

1+gp

and the value of an establishment of vintage s evolves according to:

Vi (A vis+1) = (1+ 9V, ( (1 +g>1-%s) .

1+9¢

To construct the steady-state growth path, we normalize organizational capital by the frontier
level of technology, and we denote the resulting variable with a hat: A = A, /6;. By construc-

tion, A > 1 for a new establishment. A key insight is that the organizational capital of existing

14



establishments, expressed in units of the frontier technology, shrinks at a rate (1 + gy):
log (ﬁ’) — log (ﬁ) ~log (1 + go) + log (') (2.13)

The prime denotes next period’s value. The lower gy, the higher the growth rate of A. Below,
we introduce a secular decline in gy. We normalize variables in efficiency units. This allows us to

restate the production technology as follows :
gt = f];;:vl/’

where a variable with a tilde, 7;, denotes the variable, x, expressed in per capita terms and in

adjusted efficiency units of the latest vintage (blueprint):

~ Tt
Ty = 1 v -

l—av l—av
z "0,

This notation allows us to reformulate the optimal contract along the steady-state growth path.
The owner maximizes his value \A/(ﬁ, v) by optimally choosing current compensation ¢ and future
promised utilities v'(+):

~ o~ ~

V(A7) = max [V/(A, v), 0]
and

V(A7) = max

cv'(+)

(2.14)

j—W —Rk—¢
e~ (o= (=0) [V (A7) (¢')de!,

subject to the law of motion for organizational capital in (2.13)), the promise keeping constraint
v = u(@) e Pn=(1=7)9) [ By (T, (AL ()de' + H(A) /(1 — B(v, 5’))F(5’)d5’} ,(2.15)

and subject to participation constraints for all A
T(A) > H(A).
The indicator variable [ is one if continuation is optimal and zero elsewhere:

B = 1if?d (E’) < (A

G = 0 elsewhere

The outside option process is determined in equilibrium by the zero-profit condition for new
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entrants:

1% (mazz(ﬁqﬁ, 1),w(ﬁ)) =5, (2.16)
Equation (ZI6) implies that the outside option w(A;) is constant in the range A € [0,¢~!]. We
refer to this range as the insensitivity region, because the outside option does not depend on the
organizational capital accumulated in the current establishment. When the fraction of capital ¢

that is portable is zero, the outside option is constant for all A > 0.

3 Properties of Compensation Contract

Although the managerial compensation contract allows for complicated history-dependence, the
optimal contract along a steady-state growth path turns out to have intuitive dynamics. Two
state variables summarize all necessary information: the current level of productivity A;, which we
have given an interpretation as the size of the establishment, and the highest level of productivity
recorded thus far A,,,,., which we will give an interpretation as the book-to-market ratio of the

establishment.

3.1 No Discount Rate Wedge

First, we consider the case in which the manager and the owner are equally impatient (p,, =
po). The promised utility state variable v; can be replaced by the running maximum of the
productivity process: fAlmam = max{flT,T < t}. We let T denote the random stopping time

when the establishment is shut down:
T =inf{r >0: V(A7) =0}

Proposition 2. Optimal management compensation along a steady-state growth path is determined

~

by the running mazimum of productivity: ¢(Amazt) = max{co,C' (w(ﬁmaz,t),;lmax’a} for all

0 <t < T where the function C (’6, E) is defined such that the implied compensation stream

{¢;}22, delivers total expected utility v, to the manager.

Management compensation is constant in efficiency units as long as the running maximum is
unchanged. The constancy is optimal because of the concavity of the manager’s utility function,
and arises as long as the participation constraint does not bind. This amounts to benchmarking,
because the manager’s compensation simply keeps up with the industry’s productivity growth
as long as the manager’s participation constraint does not bind. When the productivity process
reaches a new high, the participation constraint binds, and the compensation is adjusted upwards.

Armed with this result, we can define the owner’s value recursively as a function of fAlt and the
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running maximum A, .

17(;1, Emax) = max [IA/(E, A\max)? O}

and

~ -~

V(A Apae) =5 = W= B =~ 2 As) + 00 [ V(R D)0

max

subject to the law of motion for organizational capital in (Z13) and the implied law of motion for
the running maximum.

Figure [I] illustrates the dynamics of the optimal compensation. It plots A on the vertical axis
against ﬁmm on the horizontal axis. By definition, A< fAlmax, so that only the area on and
below the 45-degree line is relevant. New establishments start with A= Emax > 1. When an
establishment grows and this growth establishes a new maximum productivity level, it travels
along the 45-degree line. When its productivity level falls or increases but not enough to establish
a new record, it travels along a vertical line in the (A\mam, 2) space. The region [0, 1/¢] for Emax is
an insensitivity region. Managerial compensation is constant (¢ = ¢p) in this region. Compensation
is constant in efficiency units for small establishments because of the sunk cost. The manager will
not leave because his productivity level is insufficiently high to justify a new sunk cost. To the
right of this region, managerial compensation is pinned down by the binding outside option that
was last encountered: E(fAlmax). As long as current productivity stays below the running maximum,
the manager’s compensation is constant in efficiency units. Along this A¢ = 0 locus, the variation
in current productivity is fully absorbed by the net payouts to owners, as long as A; stays above
the VV = 0 locus. The owner bears all downside idiosyncratic productivity risk. When productivity

falls below this locus, the match is terminated.

[Figure 1 about here.]

~ -~

Growth and Value In the (A,,.., A) space, there is a line with slope ¢ along which the owner’s
value is constant: V = S. This is the locus of pairs for which A= gbﬁmm. On this locus, an
existing establishment pays the same compensation as a new establishment and it has the same
productivity:

V (6Amae, (Apac)) =5, (3.1)

This means that the firm’s market-to-book ratio, or average ¢ ratio, on this line is given by:

S
- 1 + =

k(A)
This suggests a natural interpretation of the ratio of current productivity relative to the running
maximum as an indicator of the market-to-book ratio. Compare two establishments with the same

size A. The establishment with the lower ratio of fAl/ fAlmax has the same physical capital stock
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E(A), but higher (current and future) managerial compensation. This is because the manager
is compensated for the best past performance, which is substantially above current productivity.
Hence, the value of its organizational capital going to the owners ‘7(2, A\mam) is lower. These low
A / z&mm firms have a low market-to-book ratio 14V /% They are value firms. High A / z&mm firms
are growth firms. In Figure [Il firms with the same market-to-book ratio are on the same line

through the origin. Value firms are farther from the 45-degree line, growth firms are closer.

Organizational Capital as Collateral The limited portability of organizational capital creates
the collateral in the matches necessary to sustain risk sharing. Two extreme cases illustrate this
point. In the first case, there is no capital specific to the match and there are no other frictions,
as in Krueger and Uhlig (2005). The manager can transfer 100% of the organizational capital of
the establishment to a future match (¢ = 1) and there are no sunk costs (S = 0). When ¢ = 1
in Figure [I the V = S line coincides with the 45-degree line. Therefore, V<S=0 everywhere.
Limited liability then implies that V = 0. Because there is no relationship capital, no risk sharing
can be sustained, and the managers earn all the rents from organizational capital. The value of the
owner’s stake in the organizational capital is zero. This implies that Tobin’s q equals one for all
t. In this case, the contract actually operates like a “spot market contract” because the manager
will be paid his outside option w in each state and date. The participation constraints bind in
equilibrium, at least if shareholders and managers share the same rate of time preference and we
rule out the manager posting a bond at the start of the employment relationship

In the second case that we consider, ¢ = 0: all of the organizational capital is match-specific.
This is the case considered by Atkeson and Kehoe (2005). The insensitivity regions extends over
the entire domain of A. The manager’s outside option is constant so that perfect risk sharing
can be sustained. There is zero dispersion in managerial compensation. The owner receives all

organizational rents, which is reflected in high g ratios.

Compensation and Payout Dynamics We use a random 300-period simulation from a cali-
brated version of the model to illustrate the compensation dynamics; the details of the calibration
are in section Figure 2 tracks a single, successful establishment through time. The left panel
plots the realized (Emax’t,gt) values, as in Figure I The right panel shows the corresponding
time series for productivity (or size) A (solid line, measured against the left axis) and managerial
compensation ¢ (dashed line, measured against the right axis). Because ¢ = 0.5, the insensitivity
regions extends until A =2. In that region the compensation is constant. When the establishment

size exceeds 2, around period 50, and leaves the insensitivity region, managerial compensation

8The case of spot contracts cannot explain the observed patterns in compensation inequality or Tobin’s q.
Furthermore, firm size is not well-defined. A large firm just happens to be one that hires a manager with lots of
organizational capital this period, but next period, this manager could be in a different match. There is no glue to
keep the manager in the match.
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starts to increase in response to increases in g, i.e. every time a new running maximum for Ais at-
tained. The establishment moves along the 45-degree line in the left panel in the (;lmam, /Alt) space.
The manager’s compensation does not track the downward movements in productivity/size that
occur between periods 75 and 100. This is the first vertical locus of points in the left panel. The
second big run-up in productivity increases the manager’s compensation once more. Eventually,
when the productivity level drops below the lower bound A(v), the owner’s residual value equals
zero V = 0, the match is dissolved, and the manager switches to a new match. This endogenous
break-up is indicated by an arrow. A new match start off at productivity level max (qﬁﬁ, 1). This
second match only lasts for about 20 periods because of poor productivity shock realizations. The
third match on the figure lasts longer, but the establishment never leaves the insensitivity region,

so that wages are constant.
[Figure 2 about here.|

Figure Bl compares the managers payouts ¢ (left panel) and the owner’s payouts 7 (right panel)
for the same history of shocks as the previous figure. The left panel is identical to the right panel
in Figure @2l The key message of the figure is that the owner’s payouts are more sensitive to
productivity shocks than the manager’s compensation. The dashed line in the right panel is more
volatile than the dashed line in the left panel. In the insensitivity region, the owner bears all the
risk from fluctuating productivity. In addition, whenever the productivity level falls below the
running maximum, the owner’s payouts absorb the entire decline in output. This is because the

owner provides maximal insurance to the risk-averse manager.

[Figure 3 about here.|

Renegotiation In the general case in which S; > 0 or ¢ < 1, the contract is not renegotiation-
proof in some states in which the match is discontinued. For example, in those discontinuation
states (states with Gr = 0) where shareholder value is positive when evaluated at the outside
option, Vi (Ar,wr(Ar)) > 0, the managers and the shareholders could ex-post amend the contract
such that the manager’s promised utility is the outside option wp(Az) in that state of the world
(instead of vr), and lower current compensation cr accordingly. In that case, the compensation
itself is identical to the one that is delivered by our original contract, but is delivered by the old
match, rather than a new one

To derive the renegotiation-proof version, we would have to impose an additional non-negativity
constraint on shareholder surplus V' in those states with joint surplus when the managers pay
package is reduced to her outside option (Vi (Ap,wr(Ar)) > 0). The characterization of this

optimal contract is not straightforward because current productivity and the running maximum of

9The contract is renegotiation-proof if S; = 0 and ¢ = 1.
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productivity are no longer sufficient state variables. However, the compensation implications from
the renegotiation-proof contract would likely be similar, but the lowered compensation after a very
bad productivity shock would be paid out by the old match instead of the new match. Separations
would be less frequent in equilibrium. The empirical evidence on downward wage rigidity and the
preference of firms for layoffs over salary cuts (see the discussion in the introduction) seems more
consistent with our contract. Hence, we assume that the match is discontinued when V; hits zero,

as described in Proposition 2l

3.2 Discount Rate Wedge

In the benchmark case with equal rates of time preference for the managers and the owners, man-
agerial compensation does not respond to decreases in firm size and productivity. The management
is completely “entrenched”. In the quantitative section of the paper, we consider a less extreme
version, by allowing for a wedge between the discount rates of the management and the owners.
In particular, we consider the case in which the manager discounts cash flows at a higher rate
than the owner (p,, > p,). This is the relevant case when the manager faces binding borrowing
constraints, has a lower willingness to substitute consumption over time, or simply has a higher
rate of time preference. This is a standard assumption in this literature; see DeMarzo et al. (2007)

for a recent example.

Proposition 3. Let t,,,, denote the random stopping time that indicates when the participation
constraint was last binding: t,q. = sup{T > 0: w(z&) = v, }. Optimal management compensation
evolves according to: ¢ = c(@mw)e‘V(pm_po)(t_t’"”) for all 0 < t. We define C(A\tmm) such that

{er}32,  delivers total expected utility w(A,, ) to the manager.

Instead of fAlmax, the new state variable is a discounted version of the running maximum; it
depreciates at a rate that is governed by the rate of time preference gap between the manager and
the owner. In the absence of binding participation constraints, managerial compensation ¢ grows
at a rate smaller than the rate of value-added on the steady-state growth path. Put differently,
whenever the current productivity of the establishment declines below its running maximum, the
manager’s scaled compensation ¢ drifts down. The left panel of Figure [ illustrates this downward
drift, for example between periods 150 and 200. Management is less “entrenched”. This feature
will help to match equilibrium entry and exit rates in the data. Without it, the model generates

too much entry and exit.

[Figure 4 about here.|
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4 Transition Experiment

We feed a gradual increase in general productivity growth into the model: ¢, T. To keep the
analysis tractable, we assume that the tota@roduetivity growth rate of the economy ¢, is constant

at its initial steady-state growth path value

9= [+ 021+ gi0) ] = . (4.1)

Holding fixed ¢, the increase in g, corresponds to a decrease in the rate of depreciation of organi-
zational capital A in the stationary version of the model: gy |. The growth composition change
allows existing firms in traditional industries to remain competitive longer, and grow larger. Their

organizational capital depreciates less quickly in 2005-2008 than in 1970-74 (see equation [2Z.13)).

In Figure[ll a lower gy has two distinct effects. First, it reduces the rate at which A drifts down
along a vertical line. Second, it shifts more probability mass to higher realizations of Amnas- So,
a decrease in gy shifts more probability mass closer to the 45-degree line, and more mass in the
northeast quadrant. Thus, the the growth composition change creates larger establishments and
more of them are growth rather than value firms. The increased importance of growth firms seems

intuitively consistent with the notion of the IT revolution.

Establishments accumulate more organizational capital and are longer-lived in the new steady
state. Because more establishments grow larger, the managers’ outside option constraint binds
more frequently. This increases the sensitivity of pay to performance. In addition, the arrival
of more large establishments increases the back-loading of the owner’s payouts. This raises the
owner’s average payouts in the cross-section as a fraction of output. Managerial compensation, in

contrast, is more front-loaded.

We study the transition between a low and a high general-purpose innovation growth path.
At t = 0, agents know the entire future path for {g; 4}, although the arrival of the GPT itself
at t = 0 is not anticipated at ¢t = ..., —2, —1. Appendix [C| defines the constant cost-of-capital
transition. It also explains the reverse shooting algorithm we use to solve for prices and quantities
along the transition path. This is a non-trivial problem because we need to keep track of how the
cross-sectional distribution of (A, v) evolves over time. We then simulate the economy forward for
a cross-section of 5,000 establishments, starting in the initial steady state. We assume the change
in the relative importance of growth rates is accomplished in 20 years. However, the economy

continues to adjust substantially afterwards on its way to the final steady state.

0First, there is little evidence that the last 35 years have seen higher average GDP growth g than the 35-year
period that preceded it. Second, changing GDP growth along the transition path is computationally challenging.
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4.1 Target Moments in the Data

Several of the model’s parameters were chosen to match moments of the data we describe below.
This is true for the decline in job reallocation, the increase in wage dispersion, and the initial exit

rate.

Increased Dispersion in Compensation We provide three sources of data, all of which doc-
ument a large increase in wage inequality. The first and broadest measure studies wages of all
workers. The data are from the Quarterly Census of Employment and Wages (QCEW) collected
by the Bureau of Labor Statistics (BLS). The unit of observation is an establishment, and the
data report the average wage. We calculate the within-industry wage dispersion from a panel of
55 2-digit SIC-code industries, and average across industries. Panel A of Table [VI shows that the
cross-sectional standard deviation of log wages increased by 7.3, the IQR by 5.4, and the IDR by
14.7 percentage points between 1975-1979 and 2000-2004

The second body of evidence comes from managerial wages. While our model has implications
for overall wage inequality, managerial data arguably provide a cleaner match. We use wage
income data from the March Current Population Survey and select only workers in managerial
occupations (See Appendix[A.4]). Panel B of Table [VIshows that in this sample, the cross-sectional
standard deviation of log wages increased by 9.4, the IQR by 11.3, and the IDR by 19.6 percentage
points between 1975-1979 and 2000-2004. Hence the increase in managerial compensation is more
pronounced than for the population at large.

The third and most narrow metric focusses on the top of the compensation scale. Measure
total compensation (salaries, bonuses, long-term bonus payments, and the Black-Scholes value of
stock option grants) for the three highest-paid officers in the largest 50 firms, Frydman and Saks
(2006) documents a strong increase in executive compensation. Panel C of Table [VI uses the same
data to show an equally spectacular increase in the dispersion of top managers’ compensation
Since the mid-1970s, the cross-sectional standard deviation of log compensation increased by 43
log points, the IQR and IDR more than doubled to 1.5 and 2.6, respectively. The inequality and

the increase in inequality are strongest for this group of executives.

[Table 1 about here.]

1 According to Dunne et al. (2004), increasing within-industry, between-establishment wage dispersion accounts
for a large fraction of the increase in overall income inequality in the US. This is true especially for non-production
workers, which includes managers. They study US manufacturing establishments. Between 1977 and 1988, the
between-plant coefficient of variation for non-production worker’s wages increased from 44% to 56%, while the
within-plant dispersion actually decreased. They also document a similar increase in the dispersion of productivity
between plants.

12We thank Carola Frydman for graciously making these data available to us.
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Declining Excess Job Reallocation The excess job reallocation rate is a direct measure of the
cross-sectional dispersion of establishment growth rates. It is defined as the sum of the job creation
rate plus the job destruction rate less the net employment growth rate. Before 1990, we only have
establishment-level reallocation data for the manufacturing sector. Figure [0l shows that the excess
reallocation rate in manufacturing declined from 10.9% in 1965-1969 to 8.4% in 2000-2005, and
further to 7.8% between 2006 and 2007.111. After 1990, the BLS provides establishment-level data
for all sectors of the economy. Over the 1990-2007 sample, the excess reallocation rate declined from
10.6 to 7.2% in manufacturing, from 15 to 12.4% in services, and from 15.6 to 12.3% in the entire
private sector. Half of this decline is due to a decline in entry and exit rates for establishments,
from 4% to 2.5%. The other half is due to a decline in expansions and contractions of existing

establishments.
[Figure 5 about here.|

Similar trends have been documented in firm-level (rather than establishment-level) data. Davis
et al. (2006) document large declines in the dispersion and the volatility of firm growth rates for the
US economy, either measured based on employment or sales growth. The employment-weighted
dispersion of firm growth rates declined from .70 in 1978 to .55 in 2001, while the employment-
weighted volatility of firm growth rates declined from .22 in 1980 to .12 in 2001. The former
measures the cross-sectional standard deviation of firm growth rates, while the latter measures the
standard deviation of firm growth rates over time This decline in volatility is present across
sectors.

Finally, Haltiwanger and Schuh (1999) constructs a proxy for establishment-level reallocation
by studying intra-industry job flows. This is the only economy-wide series that is continually
available for our sample period. The excess reallocation rate for the non-financial sector declines
from 19% in 1960 to an average of 11.5% in 2000. This 19-11.5% change is what we calibrate to

in our benchmark model.

Valuation The increase in the payouts to securities holders over the last 30 years coincided with
a doubling of Tobin’s average q and the value-output ratio. Tobin’s q is measured as the market
value of US non-financial corporations, constructed from the Flow of Funds data divided by the

replacement cost of physical capital:

v
=1+-L.
qt + X,

13Comin and Philippon (2005) show that there is an increase in volatility for the sub-sample of publicly traded
firms. Our analysis is for the entire non-financial sector, publicly-traded and privately-held. The discrepancy
between the findings for public and for all firms may have to do with private firms that go public earlier. The IPO
decision is outside of our model.
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We construct the replacement cost of physical capital using the perpetual inventory method with
FoF investment and inventory data (see Appendix [A.1]). The first column in Table shows that
Tobin’s q decreased from 2.0 in the 1965-1969 period to 1.0 in the 1975-1979 period. After that,
it gradually increases to 2.6 in the 1995-1999 period and then it levels off to 2.3 and 2.0. The
value-output ratio for the US corporate sector, reported in Column (2), is computed as the ratio
of V* to gross value-added Y;. It tracks the evolution of Tobin’s q almost perfectly.

The value of US corporations per unit of physical capital has more than doubled since the
late seventies. The increase in valuations seems to be linked to the accumulation of organizational
capital rather than physical capital. Note that the secular increase in Tobin’s q cannot be explained
solely by a decrease in taxes. Indeed, in a model without organizational capital and no adjustment
costs, Tobin’s q is always one. In a world with reasonable adjustment costs, a decrease in taxes
could increase Tobin’s q above one, but only temporarily. Finally, the large deviations of Tobin’s

q from one occur in the second half of the sample when the average tax rate is slightly increasing.

[Table 2 about here.|

4.2 Benchmark Parameter Choices

In order to assess its quantitative implications, we calibrate the model at annual frequency. Table

[ summarizes the parameters.

Production Technology and Preferences The parameter v governs the decreasing returns
to scale at the establishment level. It is set to .75, at the low end of the range considered by
Atkeson and Kehoe (2005). The other technology and preferences parameters are chosen to match
the depreciation, the average capital-to-output ratio and the average cost of capital for the US
non-financial sector over the period 1950-2005. The depreciation rate ¢ is calibrated to .06 based
on NIPA data. Next, we calibrate the Cobb-Douglas productivity exponent on capital, . Because
there is no aggregate risk, the rate of return on physical capital is deterministic in the model. In
equilibrium, that rate equals the discount rate. Both are fixed along the transition path. From the

Euler equation for physical capital, we get:

=11-0+ Y
r= v

We compute the cost of capital r in the data as the weighted-average realized return on equity and
corporate bonds; it is 5.5%. The weights are given by the observed leverage ratio The average

capital-to-output ratio is 1.77. The above equation then implies arv = 0.23. As a result, a = 0.30.

14Since the model has no taxes, but there are taxes in the data, we take into account the corporate tax rate (28%)
in the calculation of the cost of capital. Appendix [Dl provides more details on the cost of capital calibration.
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We choose the rate of time preference of the owner p, = .02 such that his subjective time
discount factor is exp(—p,) = .98. In our benchmark results, we assume that the manager is less
patient: p,, = .03. Finally, we choose a coefficient of relative risk aversion v = 1.6. This is the
value that solves equation (2.8)) given our choices for r, p,, and given the average growth rate of

real aggregate output of g = 0.022.

Organizational Capital Accumulation and Portability To calibrate the organizational cap-
ital accumulation, its portability, and the sunk costs of forming a new match, we match the excess
job reallocation rate and the firm exit rate in the initial steady state to those observed in the data
in 1970-74, and we match the increase in managerial wage inequality to that in the data.
Following Atkeson and Kehoe (2005), we assume the € shocks are log-normal with mean m;
and standard deviation o,. We abstract from the dependence on these parameters on the vintage
s. For parsimony, the mean m; is set zero. However, younger matches (lower s) will grow faster
in equilibrium because of selection, even without age-dependence in m,. The standard deviation
os = o of these shocks is chosen to generate an excess job reallocation rate of 19% in the initial
steady state. This choice matches the 1970-74 reallocation rate in the data. The size of the sunk
cost (S) is chosen to match the entry-exit rates in the initial steady state. The sunk cost is equal
to 6.5 times the annual cash flow generated by the average firm. This delivers an entry/exit rate
of 4.3% in the initial steady-state, again matching the 1970-74 data. The portability or match-
specificity parameter ¢ governs the increase in wage dispersion in the model. We set it equal to
0.5, which means that 50% of organizational capital is transferable to a next match. This value of

the parameter enables the model to match the increase in intra-industry wage inequality.

Productivity Growth Composition In the baseline experiment, we assume the change in
the composition of growth to gpew . 0ccurs over 20 years, and we assume it starts in 1971. After
20 years, in 1990, productivity growth settles down at (gnew. s, gnew.s). The actual transition to
a new steady-state growth path takes much longer. The change in the composition of growth
is calibrated to match the decline in reallocation rates in the data from 19% to 11%. General
productivity growth increases from goq. = 0.3% in the initial steady state to gnew. = 1.45%
in the new steady-state. Correspondingly, vintage-specific productivity growth decreases from
Gold.o = 5.5% 10 Gnew g = 0.8%.

4.3 Main Results: Compensation and Size Distribution

We start by comparing the size and compensation distribution in the initial and final steady states,
as well as its evolution during the transition.
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